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SAW??????????????
?????????
2.1 ????
?????SAW?????????IDT??????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????? 2??? SAW??????????????
????????????????????????????????????????
???????????????IDT????????????????????????
??????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????
2.2 ?????
? 2.1(a)??? 3??????????? (b)????????????? 1? IDT? (?
???????????)????????????????? 2????????????
??????????????????????????????????????? x2 = 0
?????? x1???????????????? 1?????????????????
????????????????? 1??????????????????? x1???
??????????? 2?????????????????????
16 ? 2? SAW???????????????????????
W
x2
x1
x2
x1
(a)
(b)
region 2
region 2
region 1
region 2 region 2W
w
region 1
w
? 2.1: ?????????
2.3 ????
2.3.1 ??????
???? 2.2????????? (x1, x2) = (0, χ)??????????????????
????????????????????????????
∂2φ
∂x21
+ α−1G
∂2φ
∂x22
= −β2Gφ+ α−1G δ(x1)δ(x2 − χ) (2.1)
∂2φ
∂x21
+ α−1B
∂2φ
∂x22
= −β2Bφ (2.2)
????βG??? βB??????????? 1?2?? x1?????????????
?????αG??? αB??????? 1?2?????????????????????
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??????????α = 1?????????????
W
x2
x1
region 2
region 1
region 2
source(0,χ)
? 2.2: ???????????
????????????????????????
φ(x1, x2;χ) =
1
2π
∫ +∞
−∞
Φ(β, x2;χ) exp(−jβx1)dβ (2.3)
????β? x1??????Φ(β, x2;χ)? x2???????????????????
? (2.1)???? (2.2)???????
α−1G
∂2Φ
∂x22
− (β2 − β2G)Φ = α−1G δ(x2 − χ) (2.4)
α−1B
∂2Φ
∂x22
− (β2 − β2B)Φ = 0 (2.5)
????
x2 6= χ?????? (2.4)???? (2.5)????????????Φ(β, x2;χ)?
Φ(β, x2;χ) =


a+ exp(−ζx2) · · · (+W/2 ≤ x2)
b+ exp(−jξx2) + b− exp(+jξx2) · · · (χ < x2 ≤ +W/2)
c+ exp(−jξx2) + c− exp(+jξx2) · · · (−W/2 ≤ x2 < χ)
a− exp(+ζx2) · · · (x2 ≤ −W/2)
(2.6)
???????????ξ??? ζ???????? 1,2??? x2 ?????????ξ =
18 ? 2? SAW???????????????????????
√
αG(β2G − β2), ζ =
√
αB(β2 − β2B)????
???????? (|x2| > W/2)?????????????????ζ????????
????????????????????????????????????ζ?????
?????????????????????????????????
??? (2.6)??? a±?b±?c±??????????????????????????
????? x2 = ±W/2?? Φ? ∂Φ/∂x2?????????????x2 = χ????? Φ
??????? (2.4)? x2 = χ?????????????????????????
∂Φ
∂x2
∣∣∣∣
x2=χ+
− ∂Φ
∂x2
∣∣∣∣
x2=χ−
= 1 (2.7)
?????????????????? (2.6)????????????????Φ(β, x2;χ)
?????????????????
Φ(β, x2;χ) =


b+ exp{−ζ(x2 −W/2)}[exp(−jξW/2) + r exp(+jξW/2)]
· · · (+W/2 ≤ x2)
b+[exp(−jξx2) + r exp(+jξx2)] · · · (χ < x2 ≤ +W/2)
c−[r exp(−jξx2) + exp(+jξx2)] · · · (−W/2 ≤ x2 < χ)
c− exp{+ζ(x2 +W/2)}[r exp(−jξW/2) + exp(+jξW/2)]
· · · (x2 ≤ −W/2)
(2.8)
????
b+ = j
exp(+jξχ) + r exp(−jξχ)
4πξ(1− r2) (2.9)
c− = j
r exp(+jξχ) + exp(−jξχ)
4πξ(1− r2) (2.10)
r =
jξ − ζ
jξ + ζ
exp(−jξW ) (2.11)
????
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2.3.2 ???????????
IDT???????????? IDT? −w/2 ≤ x2 ≤ +w/2?????????????
???????? w ≤ W ?????????????? 1???????????IDT?
???????????????????
φ(x1, x2) =
∫ +∞
−∞
∫ x2
−w/2
b+[exp(−jξx2) + r exp(+jξx2)] exp(−jβx1)dχdβ
+
∫ +∞
−∞
∫ +w/2
x2
c−[r exp(−jξx2) + exp(+jξx2)] exp(−jβx1)dχdβ
=
∫ +∞
−∞
1
2πξ2(1− r) [1− r − {exp(−jξw/2)
−r exp(+jξw/2)} cos(ξx2)] exp(−jβx1)dβ (2.12)
???x1 = xd???? IDT???????
G(xd) =
∫ +w/2
−w/2
∂φ(x1, x2)
∂x1
dx2
∣∣∣∣∣
x1=xd
(2.13)
??????????????? (2.12)??????
G(xd) =
1
2π
∫ +∞
−∞
Y (β) exp(−jβxd)dβ (2.14)
??????? Y (β)?????????????????????????? β ????
??????????
Y (β) =
βw2(1 + r)
2ξ(1− r) sinc
2(ξw/2)− j βw
ξ2
{1− sinc(ξw)} (2.15)
????
? 2.3??βˆ = β/βG?????? Yˆ (βˆ) = Y (βˆ)/Y˜ (βˆ)???????????????
ℑ(βˆ) = 0????????Y˜ (βˆ)???? 1??? 2??????????????WG =∞
???????????????????????????????????? 1???? x1
20 ? 2? SAW???????????????????????
?????VG = 3138 m/s??? 2????x1?????VB = 3151 m/s?αG = αB = 0.692
???????W = w = 20λG?λG = 2π/βG????
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? 2.3: ??? β?????????? (ℑ(β) = 0)
????????
? 2.3? βB < β < βG???? 2?????????????????????????
??????????????? (2.15)????????????? r = 1???????
??????? a− = a+?b− = b+?c− = c+?????????????????????
??????? 2.1????????????????????????????????
?????????
???? (2.8)-(2.11)? r = −1??????????????????a− = a+?b− = b+?
c− = c+?????????????????????????????????????
??????????????????????? 2.1?????????????????
??????????????????? (2.15)???? r = −1?????????????
????????
? 2.3?????β < βB??????Y (β)????????????????????
??????????????????????????????????????????
? 2.4? β ????????????????????????????? 2??????
?????????????????????????????????????????
??????????????????????????????????????????
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? 2.4: β??????????
??????? β???????????????????????? 2???????
???????x1 > 0???????????????????????????????
????? β???????????????????????????????????
????????? ζ?????????????x2?????????????????
??????????????????????????????????????? [1]?
?????????????????????????????????????????
??????????????????
2.3.3 ??????????????
???????????????? (2.14)?????????????????????
???????????????????????????? (2.14)??????????
?????????????? (2.15)????? 2??????????????????
????????????????????????????????????????
????????????????????????????????????????
????
r=1????N ?? β????? βn?????? (2.14)?? 1???????????
?????????????????????
Gn(xd) = −2πj Res
β→βn
[Y (β) exp(−jβ|xd|)]
22 ? 2? SAW???????????????????????
=
jβnw
2
ξndr/dβ|β=βn
sinc2(ξnw/2) exp(−jβn|xd|)
= ζnw
2F sinc2(ξnw/2) exp(−jβn|xd|) (2.16)
???????????
F =
ξ2n + ζ
2
n
ξ2n(2αB + αGζnW ) + αGζ
2
n(2 + ζnW )
(2.17)
????
??????????????????????? G˜(xd)?????G˜(xd)?W ≃ w →∞
?????????????????????????????????
G˜(xd) = lim
W→∞
[
ζ0w
2
2 + ζ0W
sinc2(ξ0w/2) exp(−jβ0xd)
]
= wsinc2(ξ0w/2) exp(−jβ0|xd|) (2.18)
??????????W → ∞?? ξ → 0?????? (2.11)???ξ0W ≃ ξ0w = π?
????????????????
G˜(xd) =
4
π2
w
αG
exp(−jβ0|xd|) (2.19)
?????????????Gn(xd)?????????????????????? η??
????????????????
ηn =
Gn(xd)
|G˜(xd)|
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=
π2
4
αGζnwF sinc
2(ξnw/2) exp(−jβn|xd|) (2.20)
??????????????????????????????? [2]????????
??xd = 0????????????????????????????????????
?????????????????????????????????? (2.20)????
?????????????????????????????????
2.4 ???
??????????????????? Wˆ = W/λ ?????? βG/βB??????
?????????????????????????????????????????
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?????????????????????????????????????????
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2.5.1 ??????????
??????????? 2.7???? 2?????????????? ST???????
???? Al??????????? [3]?????????????????
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w
WB
WG
WB
? 2.7: ?????????
WG = 10λ?h/λ = 0.028??????????????????? (S2 ∼ S6)?????
????????? 2.8???????????????????????????????
???S5???????????????WB = 28λ??????? 0.001 dB/λ????
???????????????S0?S1?????????????????????
???WG = 10λ?WB = 28λ???????????w????WG??w/WG???
????????????????? 2.9????w/WG = 0.3?? 0.5??????? S5
????????????????????????
???????????????????????????? 2.1??????????
??S5?????????????w/WG? 0.5?????????0.7???????? 2
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26 ? 2? SAW???????????????????????
? 2.1: 2??????????????
?? ST?????
???? Al
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?? λ 12.5 µm
??? WG 10 λ
????? WB 28 λ
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2.5.2 ??????????
??????????????? (Coupling of Modes : COM)? [4]??????COM?
?????????????????????? 3?????????????????
∂U+(X)
∂X
= −jθuU+(X)− jκU−(X) + jǫv (2.21)
∂U−(X)
∂X
= +jκU+(X) + jθuU−(X)− jǫnv (2.22)
∂I(X)
∂X
= −4jǫU+(X)− 4jǫU−(X) + jωCv (2.23)
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????U±(X)??±X ????????????? SAW????I(X)? ??????
???????????βu????????????????????θu? θu = βu − π/p
??βu?????????????????v? IDT???????κ?ǫ????????
?????????????????????C? IDT??????????????
?????????????????????
????????????? FEMSDA[5]???????? [6]????????????
????????????? SAW?? V Gu (= ω/βu)?κ?ǫ??? C??????????
???? VCAL[7]????????????????????????? V Bu ?V Fu ???
??????????????????????????? V Gu ?V Bu ?V Fu ???????
????????????????????????? n???????? β(n)u ?????
ǫ(n)?????????ǫ(n)????????????? ηn?????ǫ(n) = ǫ√ηn????
???
??????? COM???????????? COM???????????? [8]??
??????????????????????????? [Y (n)]???????????
?????? [Y (n)]??? 2.10?????? 2??????????????????? 1
?? IDT???????????????????? Yˆ (n)kℓ = jωC0δkℓ?????????
?????????????????????? Y˜ (n)kℓ = Y (n)kℓ − Yˆ (n)kℓ ??????????
?????????????? κ??????????κ??????? n????????
??????????????????
???????? [Y˜ (n)]?? 2.11?????????????????????????
?????? [Y T]????????????????????
[Y  ]C0 C0~ (n)
? 2.10: n????????????????
2.5.3 ??????????????
? 2.12??? 2.1????????????????????????????????
??????????????????????? (???????????)??????
????????????
28 ? 2? SAW???????????????????????
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???????????????????????????????????? S5????
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?? S5???????????? S1?? S4?????????????????????
??????????????????????????????????????????
S1?? S4???? 0.01∼0.03 [dB/λ]????????????????????????
?????????? 2.13?????????????????????????????
??????????
????????S1?? S4????????????????????????????
???????????????????????? S5????????????????
??????????????????????????????????????????
????????????????????????????
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?????IDT?????????????? SAW????????????????
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????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????????
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???????????????????????
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SAW???????????????
????????
3.1 ????
???? SAW??????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????? SAW??????
????????????????????????????
3.2 ??????????
3.2.1 ????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????? Vin??????????
? Iout??
Iout =
dQ
dt
(3.1)
Q = C1Vin + C2V
2
in + C3V
3
in + · · · (3.2)
???????????Cn(n 6= 1)? n???????????
36 ? 3? SAW???????????????????????
?????????????? 2????????????????????
Vin = A1 cosω1t+A2 cosω2t (3.3)
? (3.2)????? (3.3)???????2??????????
Q(2) =
C2
2
[ A21 +A
2
2
+ A21 cos 2ω1t
+ 2A1A2{cos(ω1 + ω2)t+ cos(ω1 − ω2)t}
+ A22 cos 2ω2t
]
(3.4)
3??????????
Q(2) =
C3
4
[ 3A1(A
2
1 + 2A
2
2) cosω1t+ 3A2(2A
2
1 +A
2
2) cosω2t
+ A31 cos 3ω1t
+ A1A2{A cos(2ω1 + ω2)t+ cos(2ω2 + ω1)t}
+ A1A2{A cos(2ω1 − ω2)t+ cos(2ω2 − ω1)t}
+ A32 cos 3ω2t] (3.5)
????
??????????2ω1? 3ω1?????????????????????????
???ω1 ± ω2? 2ω1 ± ω2???? 2????????????????????????
???? (intermodulation distortion : IMD)????
??? 3.1????????????????????????? SAW????????
?????????????? (Tx)????????????? (Ant)?????????
?????????????????????????????????????????
????????????????????????????? 2???????????
????? IMD??????????????????????????????????
?????????????????????????????????????????
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?????? fTX????????? fRX????????? fjam = 2fTX − fRX?????
2fTX − fjam = fRX????????? 3? IMD(IMD3)????????????????
??? (? 3.2)???????????? RF????????????? −110 dBm??
??????????????????????????????????????????
Tx
Rx
Ant. DPX
Transmission signal
Received signal (needed)
Received signal (jammar)
? 3.1: SAW??????????????
Frequency
fTXfjam 2fTX-fjam2fjam-fTX 3fTX
Tx Rx
Jam
Signal intensity
? 3.2: ????????????????
3.2.2 ??????????????????
????????????????? (carrier aggregation : CA)???????????
??????????????????? [1]?CA?? CC(Component Carrier)?????
??? LTE????????????????????????????????????
???????CA???? 3?????????
(a) Intra-band Contiguous CA
38 ? 3? SAW???????????????????????
????????????????????????????
(b) Intra-band Non-contiguous CA
?????????????????????????????
(c) Inter-band Non-contiguous CA
???????????????????????
??????? CC???????? 3.3?????????
?????????? Inter-band Non-contiguous CA???????????????
????????? CA(down-link CA : DL-CA)??????????????????
(up-link CA : UL-CA)????? 2017?????????????????UL-CA???
??? SAW?????????????????????
FrequencyBand A
CC 1 CC 2
(a) Intra-band Contiguous CA
FrequencyBand A
CC 1 CC 2
(b) Intra-band Non-contiguous CA
FrequencyBand A
CC 1 CC 2
Band B
(c) Inter-band Non-contiguous CA
? 3.3: ???? CA???? CC??????
Inter-band? CA????????????????????????????????
??????????????? 3.4??????????????? 2?????????
???????????? 2????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????UL-CA????????????????????????
?????
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????????????????????????? −15 dBm???????????
UL-CA?????????????????? 10?? 25 dBm????????????
?????????????????????????????? 25 dB????????
??????????????????????????????????????????
????
Tx
Rx
Ant.
Band A
Transmission signal for band A
Transmission signal for band B
Tx
Rx
Band B
Behaves as a jammar signal
? 3.4: CA????????????
3.3 ??????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????? [2]?
????????????????????????????????????????
??????????????????????????????????????????
????????????????????????? (spectrum analyzer : SA) ????
????????? −130 dBm??????
40 ? 3? SAW???????????????????????
3.3.1 1?????????????
? 3.5? 1??????????????????????????????? 1??? 2
???????????????????????????? (signal generator : SG)??
???? 1????????? 2?????????????? SA???????????
????????????????????? 1???????????
SG???????????????? (power amplifier : PA)????????????
???????????????? 1?????????????? SG? PA??????
????????????????????? 1???????????????????
????????????? 50 Ω??????????????????????????
???????? SA??????????????????????????SA????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???????
PA
DUT
Attenuator
50Ω
High-pass filter
Power input
Terminal 1
Terminal 2
50Ω
LC or dielectric
Diplexer
Signal 
generator 
Spectrum
analyzerAttenuator
LC or dielectric
Diplexer
? 3.5: 1?????????????
3.3.2 1??????? IMD???
? 3.6? 1??????? IMD??????????????????????????
??????? 1??? 2????????????????? 2?? SG?????? 1?
????????????? 2??????????? 2??????? IMD??????
??????SG1??????SG2??????????????
????????????????????????SG???????????????
?????????????????????? SG?????????????????
????????????????????????????????? 2???????
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?????????????????????????????????????????
??????????????????????????????????????
PA
50Ω
Power
combiner
50Ω
DUT
50Ω
Dielectric
duplexers
Power input
Tx
Rx
Tx
Rx
Ant
Ant
Ant
Tx
Rx
Terminal 1
Terminal 2
Dielectric
duplexer
Attenuator
Attenuator
Attenuator
Attenuator
Spectrum
analyzer
Signal 
generator 1
Signal 
generator 2
Isolator
Isolator
? 3.6: 1??????? IMD???
3.3.3 ??????? IMD???
? 3.7? SAW??????? IMD?????????????????????????
??????? (Tx)???? 1?????? (Ant)???? 2???? (Rx)???? 3??
?????????????????????????? SG1?????? 1??????
???????? SG2?????? 2?????????????????? 3?????
?????????????????????????2???????????????
2(Ant?)??????????????????????????????
3.4 ??????????RF?????????????
???????????????????SAW??????? 2? IMD(IMD2)??? 3
? IMD(IMD3)?????????
????????????? UMTS???? 5???????????????????
?????? 3.8??????? 3.9?????????Tx?? 1???????????
????????Rx?????????????? 1?????????????????
???? 3.7?????????
42 ? 3? SAW???????????????????????
Signal 
generator 2
PA
50Ω
Attenuator
50Ω
DUT
50Ω
Spectrum
analyzer
Dielectric
duplexerIsolator
Tx
Rx
Tx
Rx
Ant
Ant
Ant
Tx
Rx
Ant Tx
Rx
Dielectric
duplexers
Port 2
Port 3
Port 1
Signal input
Tx signal from port 1
Jammer signal from port 2
Signal 
generator 1
Isolator
Attenuator
? 3.7: ??????? IMD???
?????????????????? 2??????????? Tx???? Ant????
?????????????????????????? Ant????????? 21 dBm
??? −15 dBm????
Ant
Tx
Rx
1port resonator
longitudinally coupled resonator
? 3.8: ?????????
IMD2????????????? f1? 822?? 851 MHz???????? f2? 1.694?
? 1.752 GHz?????f2 − f1??????? 872?? 901 MHz???????????
??????IMD3????????????? f1? 822?? 851 MHz???????? f2
? 772?? 801 GHz?????2f1 − f2??????? 872?? 901 MHz???????
???????
? 3.10???? 3.11? IMD2??? IMD3????????????????IMD2??
???? −128?? −117 dBm???IMD3?????? −109?? −93 dBm??????
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? 3.9: ???????????
??????????IMD3????????????? RF?????????????
?????−110 dBm???????????????????????????????
???????????????IMD2??????IMD3???????????????
????????? RF??????????????????????????????
? 1??????????IDT???????????????????????? [3]??
?????????????UL-CA??????????????????? 25 dB???
??????IMD2?????−100 dBm???????????????????UL-CA
???????????? 2?????????????????????????
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? 3.10: IMD2?????
44 ? 3? SAW???????????????????????
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Output Frequency 2f1-f2 [MHz]
? 3.11: IMD3?????
3.5 ???
?????SAW?????????????????????????????????
??????????????????? UL-CA??????????????????
??????????????????????????????????????????
???????????????????????????? SG? SA?????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????? SAW?????????????????
???UL-CA????????????? 2??3??????????????????
????????
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[1] ?????????????????“Lte-advanced?????????????Carrier
Aggregation?” NTT Docomo????????????vol.18?pp.12–21?2010?
[2] Y. Wang, F. Thalmayr, N. Wu, and K. Hashimoto, “Considerations for measurement
setup for second-order nonlinearity in radio-frequency bulk acoustic wave duplexers,”
IEEE Trans. Ultrason. Ferroelectr. Freq. Control, vol.57, pp.1854–1859, 2010.
[3] M. Ueda, M. Iwaki, T. Nishihara, Y. Satoh, and K. Hashimoto, “Nonlinear distortion of
acoustic devices for radio-frequency front-end circuit and its suppression,” Jpn. J. Appl.
Phys., vol.49, pp.07HD12.1–07HD12.5, 2010.
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? 4?
2?????????????????
????????
4.1 ????
???????????SAW???????? 2????????IDT????????
????????????FBAR???? BAW???????????????????
????? [1]?????????????????????3??????????????
???????????????????UL-CA???????????????????
??????????????????????????????????????? IDT
?????? 2??????????????????????????????????
??????????????
?????42◦Y-X LiTaO3(42-LT)????????? SAW?????????????
????2?????????????????????????????????????
?????????????????????????????42-LT?????????
?????????????????2????????????????????????
????? IDT?????????????????????????
4.2 ?????
???????1??? SAW???? 2???? (H2)???????????????
??? 4.1??????????????????????
? 4.1??1??????????????????????????????????
?????? S11 ???????????????????????? 837.1 MHz???
866.8 MHz????
H2????? 3?????? 3.5???????????????????? +15 dBm
???? (CW)????? 1??????? 2????????????????????
48 ? 4? 2?????????????????????????
? 4.1: 1??????????????
Substrate 42◦ Y-X LiTaO3
Wavelength 4.6 µm
Film thickness Ti : 30 nm Al :430 nm
Metallization ratio 0.5
Electrode overlap length 100 µm
Number of IDT electrode pairs 80
Number of reflector electrodes 15
IDT-reflector gap 2.3 µm
Bus-bar width 15.0 µm
Dummy electrode length 4.0 µm
Finger-dummy gap 0.5 µm
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? 4.1: 1??????? S?????????
???????????? 650?? 900 MHz??????????? 2????????
1.3?? 1.8 GHz???????
? 4.2????? H2???????????????????????????????
????????????????????????????????H2????????
??????? 837 MHz????????????????? 867 MHz????????
?????? −92 dBm?????????????????−130 dBm????????
???
? 4.2?????????????????H2????????????????????
H2????????????????????????????????????????
?????????????????????????????????????????
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???????? H2???????????????????????????????
(??)????? (??? 2?????)? H2?????? 1???????????
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Output Frequency [GHz]
Input Frequency [MHz]
H2
Voltage
? 4.2: H2?????????????????
??????????????????????????? 3??? 1?????????
???? H2????????? 1???????????????????????? 4.1
???????????????? 0.5?0.7?0.9 µm????
? 4.3(a)??? (b)?H2?????????? 4.3(a)?????????????????
???????????H2?????????????????????????????
?????????????????????????????????????????
???
???? 4.3(b)?????1.7 GHz????????????????????????
????????????????????????????????????????H2
??????????????????
1.7 GHz???????????????? 4.1????????????????????
???????????????????? [2, 3]??????????????????
? 838 MHz?? 848 MHz?? 2 MHz????????????????????????
???
?????? 4.4????????????βx1? βx2?????? IDT???????
?????????1????βx1? βx2?????? IDT???????????????
??? 4.4(a)???? βx1??? 2?????????????????????????
???? ±x1?? (IDT????)?????????????????IDT??????
1????????????????????????????????????????????????
???????????????????????????????????????????????βx1 ?
??????????????? IDT?????????????????????????????????
??????????????????????????????????????????????????
????
50 ? 4? 2?????????????????????????
?????????????? SAW?????????
???? 4.4(b)?? (f)??????? SAW??? 2?????????????? 1?
???? 4??????????????????????????????? SAW???
|βx1|????βx2??????????????? SAW???????????????
SAW?????????????????????????????? SAW??????
??????????????????????????? [4, 5, 6]?
?????????????????? SAW????????? 840 MHz??????
????????? 2?????????H2?????????????????????
???????H2?????? 1.7 GHz???????????? SAW????????
?????????
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? 4.3: H2??????????????????
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βx1
βx2
(a) 838 MHz
βx1
βx2
Oblique
Propagation
(b) 840 MHz
βx1
βx2
(c) 842 MHz
βx1
βx2
(d) 844 MHz
βx1
βx2
(e) 846 MHz
βx1
βx2
(f) 848 MHz
? 4.4: ??????????????
52 ? 4? 2?????????????????????????
4.3 2??????????????
???? 42-LT???????????? SAW???????? 2?????????
??????????????
? 4.5?????????????? IDT???????x1?? SAW????????
?????x2?????????????????42-LT??? x2-x3?????????
?????????x1-x3????????? c??????????????????E(1)i
? IDT????????????????IDT???????????E(1)1 ? IDT???
????????????????????E(1)3 ? IDT????????????????
?????????????????????
x1
x2
x3
E1
(1)
E3
(1)
E2
(1)
D2
(2)
? 4.5: IDT??????????????? 2??????
????????????????????????????????????????
?? eijk???????????????????????????? [7]????????
????Ei?????Di??? Sij ??? Tij??????????????????
Di = ǫ
(1)
ij Ej + ǫ
(2)
ijkEjEk + ǫ
(3)
ijklEjEkEl + eijkSjk + 2hklijEjSkl (4.1)
Tij = c
(1)
ijklSkl + c
(2)
ijklmnSklSmn + c
(3)
ijklmnopSklSmnSop − ekijEk − hijklEkEl (4.2)
??? hijkl??????ǫ(1)ij ?ǫ(2)ijk?ǫ(3)ijkl????? 1??2??3????????????
c
(1)
ijkl?c(2)ijklmn?c(3)ijklmnop????? 1??2??3?????????????????ǫ(2)ijk?
c
(2)
ijklmn?hijkl? 2??????????????2???????????????????
?????????????????????????????????????????
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????????? c(2)ijklmn?????????????????????? ǫ(2)ijk? hijkl?
?? 2????????????????????
?? B???42-LT????????? (? 4.5??)????????2???????
???????????? 4????????????
(a) IDT???????? ǫ(2)ijk??????????????D(2)2
(b) ??????????????????? ǫ(2)ijk??????????????D(2)2
(c) IDT???????? hijkl???????????????????????????
D
(2)
2
(d) ??????????????????? hijkl??????????????????
?????????D(2)2
??????????????????? (b)? 2?????????????????
?? (d)? 1.7 GHz????????????????????????????????
???? (a)??? (c)? H2????????????????????????????
?????????????????????? (a)? (c)???????????????
??????????????????????????????????????????
????
4.4 ??????????
??????????SAW???? 2???????????????????????
??????????????????????????????? 4.6? IDT?????
???????????????? (parallelly divided and reversely connected : PDRC)?
???????????IDT? 2??????????????????????? 2??
IDT? x1-x3???????????????????????? PDRC??? x2-x3??
????? x1-x3??????????????????????????????? 2?
??????????????????????
54 ? 4? 2?????????????????????????
terminal 1
terminal 2
x1
x2
x3
(a) ??? IDT
terminal 1 terminal 2
x1
x2
x3
(b) PDRC??
? 4.6: ??? IDT? PDRC??
? 4.7? PDRC?????????? 1???????????? 1?????????
???????????PDRC???????????????????????????
????????????????????????????Q????????????
???????????????????? IDT???????????????????
????
? 4.8? H2??????????????????1.58 GHz????? 1.67 GHz???
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PDRC
? 4.7: PDRC?????? 1???????????
??????? 2?????????????????????????????????
??? 10?? 25 dB???????????????? 1.7 GHz???????????
??????????????????????????SAW???????? 2????
??????? 42-LT??????????????????????? PDRC?????
????????????????????????????????PDRC??????
?????1.7 GHz?????????????? 2?????????????????
?????????????????????????????????????????
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conv.
PDRC
? 4.8: PDRC?????? 1??????? H2????
???PDRC??? UMTS(Universal Mobile Telecommunication System)???? 5?
56 ? 4? 2?????????????????????????
SAW?????????????????????? 4.9???????????PDRC?
???????????????????????? 1????????????
Ant Tx
Rx
1port SAW resonator
DMS filter
? 4.9: ?????????????
???????? 3??? 3.7??????????2? IMD(IMD2)?????????
?? Tx?? (?? 1)?? 21 dBm? CW???????????????? (?? 2)??
−15 dBm?CW????????????????????????????? 2????
?????????????????? f1?f2?????? 822?? 851 MHz??? 1.694
?? 1.752 GHz?????872?? 901 MHz?????? IMD2??? f2 − f1? Rx??
(?? 3)??????
? 4.10????? SAW????????????????????????PDRC??
???????????Tx??????????????????? 4.11? IMD2???
??????PDRC???????????? IMD2?????????? 20dB????
??????????????????SAW??????????? PDRC??????
??????
4.5 ???
???? 42-LT????????? SAW????? 2???????????????
?????????????????????????? 42-LT???????? 2???
??????????????????????????? 2??????????????
???????????????: (a)ǫ(2)ijk????????(b)hijkl???????????
????????????? 2????????????????????????????
???????
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? 5?
SAW?????3?????????
???????
5.1 ????
SAW???????? 3?????????????????????????????
?????????????????????????????????????????
????????????????????????????[1, 2, 3, 4, 5, 6, 7]?????
??? 3??????????????????????????????????????
?????????????????????????????????????????
??????????????????????3???????????????????
?????????????? [7]??????????????????????????
??3?????????????????????? 2????????????????
????
???? 42◦ YX-LiTaO3(42-LT)????????? SAW?????????????
???????? 3???????????????????? Al???????????
? Al???????????????? 2?????????????????Al????
????????????????????????????? 3???????????
???????????????Al???????? 3????????????????
???????????????????????
5.2 Al?????????
?????42-LT???? Al?????????? 3??? 1????????????
???? 3???? (H3)??? 3? IMD(IMD3)???????????????????
???? A?B?C????
62 ? 5? SAW????? 3????????????????
???????????????????????? 5.1????????????????
UMTS???? 5? SAW??????????????????????????? 5.1?
????????????????Al{200}??????X??? (XRD : X-ray diffraction)
?????????????????? A???????????????????????
Al??????????????????????? B????????????????
?? Al????????????????????? C???????????????
??Al?????????????????????????????
? 5.1: 1??????????????
Substrate 42◦ Y-X LiTaO3
Wavelength 4.6 µm
Film thickness Ti : 30 nm Al :430 nm
Metallization ratio 0.5
Electrode overlap length 100 µm
Number of IDT electrode pairs 80
Number of reflector electrodes 15
IDT-reflector gap 2.3 µm
Bus-bar width 15.0 µm
Dummy electrode length 4.0 µm
Finger-dummy gap 0.5 µm
? 5.2??????????????????????????????????????
??????? S11??????????????????????????? 837.1 MHz
? 866.8 MHz???????????????????????????????????
??????Al???????????????????????????????????
? 5.3(a)??? (b)? H3? IMD3????????????? 3??? 3.5???? 3.6
?????????????????????Al???????????????????
??????????????????????????????????????????
?????????????????????????? C?????? A????? H3
??????????? 5 dB?????
???????????H3??????? IMD3?????????? 6???????
????????????????????????Al?????????????? SAW
???????? 3??????????????? 1???????????
Al???????? Ti?? 3????????????????????????Ti?
Al?????????????????????????? Al?????? Ti?????
??????????????????????????
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(a) ???? A (b) ???? B
(c) ???? C
? 5.1: XRD???????????
5.3 ?????????
??????????Al????????????????? 3???????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????
??????? 1????????????????????????????????
?????????????????????????????????????????
???????????????????????Al??????????????????
??????????????? 3???????????????
????????????????????????????????IDT??????
Al?? Ti??????????????? 3????????????????? 1???
64 ? 5? SAW????? 3????????????????
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       B
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? 5.2: 1??????? S?????????
???? 3??????????????????
??????????????????????????????????????Femtet R©[8]
? 2?????????????????? 5.4?????????1??????????
??????????????????????? 1??????????????????
5.2????????????????????????????????????????
??????????Al? Ti???????????????????????????
? 5.2: ??????????????
Electrode type Ti thickness Al thickness
[nm] [nm]
A 30 430
B 110 300
C 184 200
? 5.5(a)??? (b)??? 5.4??????????? Ti???????? Ti?? Al?
?????????? S4????????????????????????????? S4
?????????????????????????????????????????
?? +2 MHz???????????????
????? Ti??????????? S4?????????????????????
????????????????????????????????SAW???????
???????? S4????????????????? S4?????????????
??????????????????????SAW?????????????????
???????????????
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??????Ti? Al?????????????????????? Al????????
??????????????? 1?? Al??????????????????????
????Ti? Al????????Al????????????????????????
??????????????????????
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Space Electrode Space
(a) Ti-????
Space Electrode Space
(b) Al-Ti??
? 5.5: S4?????
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6.2 ????????????????
6.2.1 ????
????????????????????6.1???????????????? IDT(Inter
Digital Transducer)????????????????????????????????
????k??????? x = xek??l??????? x = xrl????????????
?????? (COM : Coupling of Modes)?? [1]? P-matrix??? [2, 3]???? 1??
???????????????????? e???????????????? T???
??D??? S?????E???????????????
T = cS − eE (6.1)
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D = eS + ǫE (6.2)
??? c?ǫ??? e????????????????????????????
 xe1  xe2  xeK  xr1  xr2  xrL 
V1 V2 VK I1 I2 IL
 Substrate 
SAW propagatoin
Electrodes
 x 
 x 
 x 
Voltage apply Current output
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? 6.1: ?????
??? l???????? Il?????????????
Il = Al
∂D
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∣∣∣∣
x=xrl
= jωAlD|x=xrl (6.3)
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T = cS − eE + TN (6.8)
D = eS + ǫE +DN (6.9)
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TN = χ
(03)
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3 + χ(12)m S
2E + χ(21)m SE
2 + χ(30)m E
3 (6.10)
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DN = χ
(03)
e S
3 + χ(12)e S
2E + χ(21)e SE
2 + χ(30)e E
3 (6.11)
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Peripheral
circuit
Terminal 1 Terminal 2
Current sourceSAW resonator
Y Y Y
Inside of resonator Electrodes
Voltage sources Electric nodes
Nonlinear
signals
Nonlinear
signals
? 6.2: ??????????????????
??? S?????????? fr???????????????? E????????
??????????????????????????????????
6.3 ???????????
?????????????????????????????????????????
????????????????????????????? (6.14)(6.15)(6.16)(6.17)?
??? 8???????????????????
6.3.1 ???????????????
????????? 1???????????????? 6.1????????????
4???? 5???????????????????universal mobile telecommunication
system (UMTS)???? 5?????????????????????????????
???? 837.1 MHz??? 866.8 MHz?????????????????????? 6.3
??????????
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? 6.1: 1??????????????
Substrate 42◦ Y-X LiTaO3
Wavelength 4.6 µm
Film thickness Ti : 30 nm Al :430 nm
Metallization ratio 0.5
Electrode overlap length 100 µm
Number of IDT electrode pairs 80
Number of reflector electrodes 15
IDT-reflector gap 2.3 µm
Bus-bar width 15.0 µm
Dummy electrode length 4.0 µm
Finger-dummy gap 0.5 µm
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? 6.3: ?????????? S?????
H3????? 3??? 3.5???????????????? 6.2???????2???
?????????????????A???????? f1??????? fr(837.1 MHz)
??? 800?? 900 MHz?????3f1??????? 2.4?? 2.7 GHz?????? H3
?????????????????B??????f1? fr???? 1/3???? 265??
310 MHz?????fr?????? 795?? 930 MHz??????????????
IMD3??????3??? 3.6?????????????????? f1??? f2? 2?
???????????????????????????????????????? 6.3
????????????????????f1? 824?? 849 MHz??????????C
?D???f2? f1???? f2 = f1−45 MHz????????????C?? 2f1−f2??
? 869?? 894 MHz????????????D?? 2f1+ f2??? 2.427?? 2.496 GHz
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? 6.2: 3?????????
Condition Input frequency Output frequency
[MHz] [MHz]
A 800 to 900 2400 to 2700
B 265 to 310 795 to 930
??????????????????? E???f2? f2 = 3f1 + 45 MHz???????
???−2f1 + f2??????? 869?? 894 MHz??????????????????
?????????????????????????? 3.5???? 3.6??? 1????
15 dBm????
? 6.3: 3? IMD?????
Condition Input frequency Input frequency Output frequency
f1 [MHz] f2 [MHz] [MHz]
C 824 to 849 779 to 804 869 to 894
D 824 to 849 779 to 804 2427 to 2496
E 824 to 849 2517 to 2592 869 to 894
? 6.2???? 6.3??????????H3? IMD3????????????????
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????? 6.5(e)???E????µ(12)m ??????????????????f1???
f2 − 2f1? fr?????f2 ≫ fr??????????????????????????
???????
???µ(21)m ??? µ(12)e ????????????????????? 2???????
???????????????????? e????????????????????
????????????? [7]??????? µ(21)m ??? µ(12)e ????????????
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5.3???????????????????????????????????????
?????????? 5.7??????????????????A?????C?????
???????µ(03)e ?µ(21)e ?µ(30)e ???? µ(03)m ???????????????
? 6.4??? 5.7???????????????????????????????? A?
B?C??? µ(03)e ??? µ(03)m ???????????????????????????
??? Al??????? S4????????????????????????????
????????????????????????? 5.3?????????????
???µ(21)e ??? µ(30)e ?????????????????????????????
????????????????
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? 6.4: ?????????????????
Electrode type µ
(03)
e µ
(21)
e µ
(30)
e µ
(03)
m
A 0.12 0.11 0.11 350
B 0.10 0.15 0.18 120
C 0.05 0.15 0.18 70
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? 3???????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????
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?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????
3????????????????????????????????????????
??????????????????????????????????????????
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? A.1: ????????
A.1 ????????
? A.2?????????x2 = ym? x2 = ym−1 [m = 1, 2, · · · ,M − 1,M ]??????
?m???? x2???????????????
Φ = b+ exp(−jξmx2) + b− exp(+jξmx2) (A.1)
???????????????? α?????ξm =
√
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
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)∣∣∣∣∣
x2=ym−1
=
1
2jξm
(
jξm{exp(−jξmWm) + exp(+jξmWm)} exp(−jξmWm)− exp(+jξmWm)
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
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(
2− exp(−jξSWS)− exp(+ξSWS)
jξS exp(−jξSWS)− jξS exp(+jξSWS)
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Φ = a− exp(ζ1x2) (A.12)
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x2 ≥ yS?????????? x2 = ym [m ≥ S]??
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∂Φ
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(jξm − ζm+1) exp(−jξmWm) + (jξm + ζm+1) exp(+jξmWm) (A.19)
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Φexp(−jβx1)dβ (A.20)
????x2 = yD? x2 = yD−1???????D??????????????????
GD(xd)?????????
GD(xd) =
∫ +∞
−∞
∫ yD
yD−1
∂φ(x1, x2)
∂x1
dx2dβ
∣∣∣∣∣
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???? (A.1)??????
GD(xd) =
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−∞
β exp(−jβxd) {exp(−jξDWD)− 1}
ξD
×
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exp(−jξDyD−1) exp(+jξDyD)
) b+
b−

 dβ (A.22)
???????? (A.3)??????
GD(xd) =
∫ +∞
−∞
−jβ exp(−jβxd)
ξ2D
F

 Φ
∂Φ
∂x2


∣∣∣∣∣∣
x2=yD−1
dβ (A.23)
F =
(
jξD {exp(−jξDWD)− exp(+jξDWD)} 2− {exp(−jξDWD) + exp(+jξDWD)}
)
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(A.6)?? (A.21)?????yD−1 ≤ χ ≤ yD?????????????????????
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GD(xd) =
∫ +∞
−∞
−jβ exp(−jβxd)
ξ2D
F

 Φ
∂Φ
∂x2


∣∣∣∣∣∣
x2=yD−1
dβ
+
∫ +∞
−∞
jβWD exp(−jβxd)
2πξ2D
[sinc(ξDWD)− 1]dβ (A.24)
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?????????????????????????????????????????
??????????????????????????????
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